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In this lesson you will study 
some of the important improve¬ 
ments which have been made in 
basic radio circuits in the past few 
years. These are improvements 
which are more or less stand¬ 
ard in the usual radio set of today. 

First you will study an improve- 
men which is closely associated 
with AVC. When a receiver is 
equipped with AVC, it is difficult 
for the human ear to follow 
changes in sound intensities, be¬ 
cause the sound level does not 
change appreciably. Thus, with¬ 
out some positive means of know¬ 
ing when a carrier wave is tuned 
to exact resonance, the average 
person is likely to tune the receiver 
to a point near resonance—thus, 
distortion is introduced. This dis¬ 
tortion is brought about due to the 
fact that the receiver amplifies 
one side-band frequency of the car¬ 
rier wave more than the other. To 
avoid mistuning the receiver, var¬ 
ious tuning aids have been devel¬ 
oped which indicate when the re¬ 
ceiver is tuned to exact resonance. 

You will remember in previous 
lessons it was brought out that 
each radio station sends out its 
signals on a certain carrier or high 
frequency. The actual signals 
which result in sound waves are 
low or audio frequencies, and 
these, in turn, are superimposed 
on the carrier high frequency. The 
audio frequencies, you will recall, 
are called modulation frequencies. 


Thus, in a transmitted wave 
there is a combination of carrier 
and modulation frequencies which 
extend from zero to 5000 cycles (5 
KC) each side of the carrier fre¬ 
quency. If the carrier frequency 
is 1000 KC, its higher range of 
modulation frequencies will extend 
from 1000 KC up to a limit of 1005 
KC. If the modulation frequencies 
went higher than 1005 KC, they 
would be extending over into the 
range of the next frequency chan¬ 
nel of 1010 KC. The modulation 
frequencies above the carrier fre¬ 
quency are often called the upper 
range of side-band frequencies. 
The modulation frequencies below 
the carrier are called the lower 
range of side-band frequencies. 

From this brief explanation you 
can see that if both side-band fre¬ 
quencies are to be amplified equal¬ 
ly y the receiver must be tuned to 
exactly 1000 KC if the latter 
should happen to be the resonant 
frequency. Any deviation from 
exact resonance on either side of 
1000 KC will simply mean that 
one side-band frequency will be 
amplified more than the other. Be¬ 
cause of this unevenness or unbal¬ 
ance of amplification, distortion 
will be very evident. 

This is not merely a matter of 
cutting down certain frequencies 
of the modulation, but of actual in¬ 
terference of the two side-bands 
causing quite noticeable and seri¬ 
ous distortion. The lowest modu- 


lation frequencies from side¬ 
bands nearest the carrier frequen¬ 
cy are first lost on detuning. The 
remaining higher modulation fre¬ 
quencies become increasingly dis¬ 
torted under this condition. 

Now, almost everyone can dis¬ 
tinguish between high quality re¬ 
ception and distortion, yet few 
people realize the cause of it. They 
are more likely to blame the re¬ 
ceiver which they are using, as 
they do not realize the significance 
of the detuning effect. Before the 
advent of AVC, the sound volume 
level furnished a fair index to the 
person tuning the receiver to res¬ 
onance at least to within a few 
hundred cycles. Automatic volume 
control by its very operation al¬ 
most completely does away with 
this tuning index because as the 
tuned circuits are tuned more and 
more away from resonance, the 
sensitivity of the receiver rises, 
making the output almost the 
same as at resonance. With a 
strong local carrier, this might be 
true as much as 40 or 50 KC off 
resonance. Commonly with such a 
carrier, the( average person can 
tune 10 KC off resonance and 
barely detect a reduction in vol¬ 
ume. However, the quality of re¬ 
ception is very much impaired by 
this off resonance tuning. Again 
the person tuning the receiver may 
sense the change in quality, but 
he may not know which way to 
tune or restore good quality. With 
AVC he no longer has the volume 
of the output to serve as an index 
for resonance. Since AVC is now 
standard on practically all modern 
receivers, numerous methods have 
been developed for overcoming its 
tuning difficulties. Among the 


first of these was the tuning meter 
—usually nothing more than a 
milliammeter. 

RESONANCE INDICATORS 

A good electrical index of res¬ 
onance is the plate current of the 
amplifying tubes controlled by the 
AVC. Since, with maximum sig¬ 
nal strength the bias will be maxi¬ 
mum, the plate current of all of the 
AVC controlled tubes will be mini¬ 
mum at resonance regardless of 
the actual speaker output. 

While the change in plate cur¬ 
rent of one RF or IF tube would 
operate a resonance indicator, usu¬ 
ally all of the plate circuits whose 
current is automatically controlled 
are connected to a single B-l- sup¬ 
ply lead, and this is connected to 
the power unit through a DC mil- 
liameter. In this way, a more 
rugged meter may be used for the 
purpose, and, by making use of the 
average changes of two or three 
tubes under control, a more defin¬ 
ite action may be obtained. 

Figure 1 shows a circuit in 
which three tubes are AVC con¬ 
trolled : the RF tube, first detector 
and IF tube. These tubes are of 
the super control type as required 
for AVC, and their plates are fed 
through the DC meter (M). 

If each of these tubes have a 
maximum plate current of 8.2 mil- 
liamperes at a minimum bias of 
-3 volts, the total plate current 
will be 24.6 ma. Thus, an 0-25 DC 
milliammeter may be used as a 
resonance indicator. When the 
receiver is first turned on the 
meter needle will rise to maximum 
deflection in twenty or thirty sec¬ 
onds and remain there until a sig¬ 
nal starts to be received. As the 
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tuned circuits are brought into In this way, very accurate 
resonance, the A VC voltage will be tuning may be obtained. If the 
developed and applied to the grids receiver is tuned out of resonance, 
of the controlled tubes as a nega- the volume of the signal may be 
tive bias voltage. This will reduce maintained as far away as 10 or 
the plate current of all controlled 15 KC, but the meter deflection 
tubes, and at resonance this total will drop rapidly, indicating the 
plate current will be minimum. off-resonance condition. 

Rather than having the meter A condenser Cl in Fig. 1) is 
read in milliamperes, it is calibrat- placed across the meter (.1 to .5 
ed in any convenient arbitrary mfd.) to by-pass any high fre¬ 
marking and it reads in reverse to quency current which may arise in 
the scale usually employed for a the plate circuits. Frequently the 
milliammeter. The meter is meter is by-passed with a conden- 
mounted (upside down) on the re- ser at a point beyond the meter in 
ceiver control panel, and its shows the B+ circuit. However, there is 
a deflection to the right or up- one objection to this method of 
scale as its current reduces. When connection because if the conden- 
the receiver power is turned off, ser becomes shorted, the meter 
the needle of the meter remains in winding may burn out if the by- 
its maximum up-scale position pass condenser shorts. If it does 
which is exactly its zero position not short in this position, it mere- 
for current flow. The meter is re- ly makes the meter temporarily in- 
versed in this way to facilitate tun- operative until the condenser is re- 
ing. It is more natural to tune to placed. 

a maximum swing of the needle Graphically, the detuning action 
than to a minimum. In this case, may be represented as in Fig, 2, At 
a maximum deflection indicates some point in frequency about 5 
minimum current—it also indi- KC off-resonance such as the dot- 
cates true resonance. This meter ted line X-Y, the signal strength 
may also be placed in the cathode may drop perhaps only a few per 
circuit of one or more controlled cent and would go unnoticed as 
tubes. It is in series with and measured by the ear. The meter 
composes part of the value of the needle, however, would indicate to 
cathode resistor. perhaps within 15% or 20% of its 

3 





X 



maximum deflection or nearly 
maximum current. Although the 
volume for all practical purposes 
would be the same, the signal 
would be considerably distorted^ 
and the meter needle would accur¬ 
ately indicate it. 

THE SHADOWGRAPH 

The meter principle may be ap¬ 
plied to a movable vane or needle 
which may be used to interrupt a 
beam of light —this giving an in¬ 
dication of resonance. Such an in¬ 
instrument, called the shadow¬ 
graph, is shown in diagram form 
in Fig. 3. A coil (A) carries the 
combined plate current of two, 
three or more AVC controlled 
tubes. The magnetism thus pro¬ 
duced will be inversely proportion¬ 
al to the signal strength; or, when 
the signal is maximum, the magne¬ 
tism is minimum. Thus plate cur¬ 
rent reduces and, of course, the 
magnetism reduces due to less 
plate current. Referring again to 
Fig. 3, an ordinary pilot light (B) 
is mounted in the center of coil 
(A) and a permanent magnet (C) 
in ring form with a small air gap 
is mounted concentrically in front 
of the coil (A). In reference to 
Fig. 3, you are looking down on 
the instrument from the top, and 
the iron disc (D) appears as a 
line—the pivot on which it rotates 


is vertical. The vane (E) is a 
small fiber or metal plate non¬ 
magnetic but opaque and made 
fast to the disc (D) which has a 
small square aperture cut in its 
center. 

As the current in the coil (A) 
rises, it will tend to turn disc (D) 
in line with its field which, of 
course, is along its axis. The vane 
or needle turns with the disc, and, 
in so doing, cuts out a portion of 
the central area of light passing 
through the aperture in (D). A 
screen (F) on which the light falls 
shows a shadow from vane E. The 
thinner the shadow line on the 
screen, the nearer the receiver is 
tuned to resonance. Of course, the 
wider the shadow line, the farther 
away the tuning is from resonance. 

When the current through (A) 
reduces due to a signal increase, 
the permanent magnet (C) draws 
the disc (D) back into its own 
plane where the magnetism is 
strongest. This narrows the sha¬ 
dow as the vane (E) is now placed 
in line with the light. The shadow 
on the screen (F) is now due to 
the width of the vane only. 

Because of the shape of the light 
beam, the outer end of the vane 
from its pivot is somewhat longer 
than the inner end. This permits 
equal expansion of the shadow 
either side of the center. 

To prevent serious light reflec¬ 
tion, the light beam emerging from 
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the disc (D) is enclosed in a tubu¬ 
lar material (G), and the entire 
appartus is housed in a wedge- 
shaped metal box. 

The screen of this assembly is 
mounted on the receiver panel and 
the width of the shadotv on it 
serves as an index in tuning the 
receiver. Resonance, of course, is 
is indicated by the narrowest 
shadow. 

NEON GAS RESONANCE 
INDICATOR 

Just as the plate circuit of a 
tube (in the study of A VC) was 
used as one arm of a potentiometer 
so may two or three tubes be used 
in the same way. In this case, a 
voltage variation indicates reson¬ 
ance rather than a current varia¬ 
tion. The circuit of Fig. 4 shows 
one way to employ this principle. 

Tubes VI, V2 and V3 of Fig. 4 
may be any three AVC controlled 
tubes. They are supplied with plate 
voltage through a resistor Rl, hav¬ 
ing a fairly high resistance value. 
A voltage divider consisting of sec¬ 
tions R2, R3 and R4 with R3 
in the form of a potentiometer, 
seriving to provide other needed 
voltages. 

Any sealed tube with suitable 
electrodes which is gas filled or 
has a trace of gas in it will become 
luminous when 45 or 50 volts are 
impressed on it. No filament or 
cathode is necessary as emission 


will take place from any metal ele¬ 
ment which is 45 or 50 volts below 
the potential of any metal part 
within the gas. The atoms or mole¬ 
cules of gas become broken up into 
electrons and ions when the gas 
pressure is sufficiently low so that 
one ion may not materially affect 
an adjacent one. At low pressure 
(partial vacuum) they are suffi¬ 
ciently spaced so that they may not 
affect one another materially in 
this way. At higher pressure, a 
higher voltage is required for ion¬ 
ization and at higher voltage, the 
degree or amount of ionisation is 
more intense. The ionization proc¬ 
ess causes radiation of light from 
the gas and the color of this light 
depends on the properties of the 
gas itself. Neon, when ionized, will 
emit a red-orange light with which 
you are probably already familiar. 
A large portion of present-day il¬ 
luminated advertising is done by 
gas tubes using neon or other gases 
or a combination of gases at low 
pressure. 

A long neon tube, such as V4 in 
Fig. 4, has three cold electrodes in 
the form of vertical round tung¬ 
sten or molybdenum wires, num- 
‘ bered in this case 1, 2 and 3. The 
tube is generally about inch in 
diameter and 2^ to 3 inches long 
(average). 

Conductors 1 and 2 are main¬ 
tained at a high difference of po¬ 
tential, as 1 is connected through 
R6 to ground and 3 is connected to 
the common plate supply through 
R5, R3 and R2. Normally B+ is 
about 350 volts and point X is 250 
volts positive—there being about a 
100 volt drop across Rl, due to the 
combined plate currents of the 
three tubes. Point Y may be ad- 
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justed to approximately 250 volts 
due to the variable resistance R3. 
Electrodes 1 and 2 which are only 
14 inch long keep a constant glow 
in the base of the lamp when the 
receiver is turned on. The gas be¬ 
tween and around these electrodes 
remains luminous all of the time. 
When the receiver is tuned to 
resonance, the plate current is 
minimum and the voltage at X 
rises, for example, to 325 volts. 
This is about 75 volts higher than 
point Y which remains at 250 
volts and further ionization builds 
up between electrodes 2 and 3 in 
the neon tube V4. 

The ionization rises higher up 
the length of the tall electrode No. 
3 as the potential of electrode No. 
2 rises above that of No. 3. Thus, 
' when a station is tuned to reson¬ 
ance, the neon tube is at full bril¬ 
liance throughout its entire length. 
Many of the older type receivers 
use this form of resonance indica¬ 
tion. 

BLINKER TUNING 

Keep in mind the relation of the 
plate current of controlled tubes 
to the signal strength and refer to 
Fig. 5. 

A reactance (choke coil with an 
iron core in this case) is placed in 
series with the pilot light circuit 
which illuminates the tuning dial 
of a receiver. A shell type core is 
used for this reactance and a wind¬ 
ing is placed on the center leg. It, 
in turn, is connected in series with 
the plate circuits of the controlled 
tubes. Both of the outer legs of the 
metal core are wound with wire 
and the two windings are connect¬ 
ed in series aiding. Without con¬ 
sidering the center winding, the 



r/G. s 

reactance of this device to current 
flow in the pilot light circuit is so 
high that the pilot light almost 
goes out. However, when sufficient 
plate current flows through the 
center leg, the iron core is satur¬ 
ated with magnetism and the re¬ 
actance to AC will be greatly low¬ 
ered. You will recall having 
studied about magnetic saturation 
in a former lesson. When the mag¬ 
netism in an iron core reaches a 
certain critical value, further in¬ 
creases in current flow do not in¬ 
crease the magnetism proportion¬ 
ally and finally a value is reached 
where no amount of current in¬ 
crease will increase the magne¬ 
tism. 

This may be compared to remov¬ 
ing the iron core as far as its ef¬ 
fect on the pilot light is concerned. 
It is quite obvious that when res¬ 
onance is reached with minimum 
plate current, the reactance of the 
pilot light circuit is increased, and, 
as the receiver operator tunes from 
one station to another, the pilot 
light will hlink as a station is 
passed and remain at minimum il¬ 
lumination when on resonance. A 
very sharp resonance point is thus 
established. 

The shell core transformer is 
chosen so that two reactance wind¬ 
ings can be wound in such a way as 
to not have a transformer action. 



otherwise the pilot light current 
would produce a large alternating 
voltage in the plate circuits of the 
controlled tubes, resulting in seri¬ 
ous hum. The way they are wound, 
the pilot light windings cannot in¬ 
duce magnetism in the center leg. 
The plate circuit winding is by¬ 
passed just as a tuning meter or 
shadowgraph would be by-passed 
with a condenser. This method of 
resonance indication did not prove 
to be popular and, therefore, was 
not used in many receivers. 

. COLORAMA TUNING 

Another application of the sat¬ 
urated reactance principle is used 
in what is popularly called Color- 
ama Tuning. The system is shown 
in Fig. 6. A pilot light winding on 
the power transformer supplies 
about 20 volts to a network of pilot 
lights partly through a small sat¬ 
uration reactance, as explained for 
Fig. 5. When the reactance is sat¬ 
urated by heavy plate current flow 
in the central winding, the three 
green lights are practically short¬ 
ed out of the circuit and the great¬ 
er portion of the voltage is im¬ 
pressed across the four red pilot 
lights in a series-parallel connec- 
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tion. The dial is, therefore, illu¬ 
mined red. When resonance with 
a strong station is reached, the 
plate current of the tubes under 
A VC control will be greatly re¬ 
duced, thus removing the satura¬ 
tion magnetism from the pilot light 
magnetic circuit. This time the 
three green lights in series are 
supplied with the greater voltage, 
and the voltage drop across the red 
lights is not sufficient to make 
them light. The action of this cir¬ 
cuit may be somewhat clarified by 
inspection of an equivalent resist¬ 
ance circuit as in Fig. 7. All of the 
pilot lights and the reactance cir¬ 
cuits have been replaced with re¬ 
sistors in this circuit. As XL, in 
Fig. 7, is increased it takes on a 
very high value and most of the 
voltage drop will be across the re¬ 
sistor marked green. If XL is low 
in value or shorted, all of the volt¬ 
age of the supply will be placed 
across the red lights—thus they 
will light. In this type of circuit, 
green indicates resonance and red 
indicates an off-resonance condi¬ 
tion. 

THE ELECTRIC OR MAGIC 
EYE TUBE 

Since the eye tube will operate 
directly from the A VC voltage, it 
makes a most accurate resonance 
indicator. This device is an ordi- 


7 




nary triode tube of the glass type. 
Typical examples are the 6AD6G, 
6 AF6G, 6AF7G, 6X6G, 6AB5, 6E5, 
6G5, 6U5, 6H5, 6N5, 6T5, 2E5, 
1629, etc. The circuit of the elec¬ 
tric eye with its connection to the 
AVC circuit is shown in Fig. 8. 
It has a dome envelope and mount¬ 
ed in the dome is a conical metallic 
target electrode ‘'T'’ coated with a 
fluorescent material. The cathode 
extends through the center of 
this target so that its emission of 
electrons to the inside surface of 
the conical target will become 
luminous. Essentially the same 
coating may be used as for regu¬ 
lar cathode ray oscilloscope tubes. 
The plate of the triode section 'T'’ 
is fitted with a molybdenum wire 
parallel to the cathode and close 
to it extending also through a hole 
in the center of the target. It is 
called the ray control electrode as 
its potential or voltage with re¬ 
spect to the cathode will determine 
the amount of area on the concave 
target surface which will remain 
luminous. When the voltage of the 
triode plate and hence that of the 
control electrode increases due to 
an increase in negative voltage on 
the control grid, more of the target 
area becomes luminous. The loca¬ 
tion of the ray control electrode in 
the center of the cone shaped tar¬ 
get makes it cast an electronic 
shadow on the target, taking the 
form of a wedge-shaped circle sec¬ 
tor varying in width according to 
potential. A high voltage will, of 
course, cast a small shadow and a 
low voltage ( on the ray control 
electrode) casts a wide area sha¬ 
dow. 

Point X of Fig. 8 is so chosen 
that approximately 1/3 of the volt- 



ed. This voltage is, of course, more 
negative than ground or zero po¬ 
tential and is proportional to the 
signal strength. A voltage divider 
consisting of R1 and R2 is placed 
across the AVC circuit to obtain a 
voltage which will operate the con¬ 
trol grid of the electric eye. Note 
that this network and the tube are 
the only addition to the ordinary 
AVC circuit. The control grid of 
the electric eye tube is completely 
shielded. 

Now when resonance is ap¬ 
proached with the tuning circuits, 
the AVC negative voltage builds 
up, increasing the bias on the elec¬ 
tric eye control grid and narrow¬ 
ing its target shadow as explained. 
In this way accurate tuning may 
be obtained with AVC. 

There are several types of elec¬ 
tric eye tubes, and it is quite likely 
that others will be developed. They 
have slightly different characteris¬ 
tics. Full details of the operation 
and characteristic of the 6E5 are 
shown in Fig. 9. Note the differ¬ 
ent shadow widths below the 
graph of Fig. 9. These represent 
the type of shadow which appear 
on the end of the tube for various 
values of AVC. The curve Ep of 
the graph indicates the nature of 
the plate voltage change for the 
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eye tube. Curve Ip in Fig. 9 is the 
plate current which is proportion¬ 
al to the grid voltage and to the 
shadow angle. Curve Os is the 
shadow angle in degrees—refer¬ 
ring to the right-hand scale—and 
Ip may be regarded as the target 
in milliamperes divided by 10. Be¬ 
low the graph, five views of the 
target’s shaded area are shown. 
Note that these correspond to 0, 
— 2, —4, —6, and —8 volts on the 
control grid. 

BEACON TUNING 

By far the most precise method 
of indicating resonance is accom¬ 
plished by means of the beacon os¬ 
cillator. It has been used infre¬ 
quently since the earliest days of 
radio but has never been extremely 
popular, probably because of the 
difficulty of understanding its op¬ 
eration or the lack of knowledge 
of its operation. Fig. 10 shows the 
circuit of a typical beacon oscilla¬ 
tor which is simply an unmodulat¬ 
ed oscillator tuned exactly to the 
intermediate frequency of a super- 
hetrodyne. To get the proper ac¬ 
tion with this circuit, it is neces¬ 
sary to couple the beacon oscillator 


circuit to the IF or second detector 
circuit. This may be done by con¬ 
necting a small condenser (.0001 
mfd.) between the plate or grid of 
the beacon oscillator and the sec¬ 
ond detector grid or diode or to the 
last IF plate circuit. Another 
method of coupling may be em¬ 
ployed by connecting a small con¬ 
denser between the beacon oscilla¬ 
tor and the cathode of the IF or 
second detector tube if these are 
not grounded. By employing 
either method of coupling, the bea¬ 
con oscillator is permitted to feed 
energy to the IF or second detec¬ 
tor circuit. 

In tuning, as resonance is ap¬ 
proached, the energy fed to the IF 
circuit from the beacon oscillator 
forms a beat frequency with the 
IF. This is reproduced in the 
speaker as an audibue tone. The 
object in tuning is to adjust the , 
controls until the beat frequency 
sound disappears from the speak¬ 
er. This is called zero frequency 
beating. 

When the pre-selector tuning 
system is adjusted to zero beat, as 
determined by the audible tone 
from the speaker, exact resonance 
has been reached. Usually a push 
button is used so that the beacon 
oscillator may be used only while 
tuning—it being released upon ar¬ 
riving at zero beat. Disregarding 
the possible frequency drift in the 
beacon frequency which may be 
compensated out by an equal drift 
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in the IF oscillator circuit, reson¬ 
ance within 20 cycles may be ac¬ 
quired with this system. Ordinar¬ 
ily no automatic apparatus could 
possibly give a result this good. 

AUTOMATIC FREQUENCY 
CONTROL 

One of the most complicated de¬ 
vices for acquiring accurate tun¬ 
ing is the automatic frequency con¬ 
trol circuit. It makes use of the 
very obvious principle that if the 
RF and oscillator tuning condens¬ 
ers are somewhat out of tune, the 
oscillator frequency may be auto¬ 
matically shifted so that the prop¬ 
er IF beat note will result. An 
electrical network is arranged 
which will automatically shift the 
oscillator frequency either up or 
down until the correct beat note 
for the IF amplifier will be form¬ 
ed. 

Figure 11 is an example of how 
this system works. Part of the 
actual AFC circuit in Fig. 11 is 
used to select a positive or nega¬ 
tive voltage with respect to ground 
for application to the oscillator, 
making it increase or decrease in 
frequency by a system to be ex¬ 
plained later on. 

The 6H6 diode tube and its in¬ 
put circuit is called the discrimi¬ 
nator and may be simplified as in 
Fig. 12. In this figure the two 


halves of the IF secondary in Fig. 
11 have been substituted with two 
AC generators. It is perfectly 
proper to assume that they are 
generators because voltage is 
magnetically induced into LI and 
L2 from LO in Fig. 11. At the 
center tap in Fig. 11 an additional 
voltage is coupled into both LI and 
L2 by a condenser, C, which is 
connected to the top of the IF pri¬ 
mary LO. This arrangement is 
equivalent to two generator volt¬ 
ages— (1) Ec and ELI in series 
with diode plate Dl, and (2) Ec 
and EL2 in series with diode plate 
D2 in Fig. 12. The combination of 
Ec and ELI through rectification 
produces the DC voltage El across 
load R1 and the combination of Ec 
and EL2 produces E2 across load 
R2 (note that each cathode has its 
own load in Fig. 12). 

To make this study definite, as¬ 
sume that each of the generators 
in Fig. 12 is producing a peak volt¬ 
age of 35 volts. At resonance, the 
relationship between the three 
voltages will be as indicated by 
the curves in Fig. 13. Now the 
total voltage applied to Dl, Fig. 
12, will be the sum of Ec and ELI 
because these two are in serites 
with it. EL2 does not enter into 
this relation at all. Note that ELI 
and EL2 are exactly 180° out of 
phase—that is, when one diode 
plate is positive with respect to the 
point Z in Fig. 12, the other plate 
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is an equal amount negative. You 
know this same principle to be 
true for transformers, as, for ex¬ 
ample, a power transformer using 
a full-wave rectifier or two half¬ 
wave rectifiers. The voltage, due 
to the capacity coupling (see con¬ 
denser C of Fig. 11) is 90° out of 
phase with both ELI and EL2, as 
it is fed through a condenser. 
When the primary current of LO in 
Fig. 11 is zero, the induced voltage 
in LI and L2 is maximum, but the 
voltage fed through condenser C 
is minimum so this is why Ec is 
out of phase with that of LI and 
L2. 

The voltage applied to D1 of 
Fig. 12 is the sum of Ec and ELI 
—so if they are added a total of 
Edl is obtained as in Fig. 13. As 
an example, a total of 50 volts peak 
AC might be applied to D1 of Fig. 
12 and this is rectified and is im¬ 
pressed as El across the load Rl. 
Likewise, if the voltages of Ec and 
EL2 are added, the value Ed2 will 
be obtained which may also be 50 
volts, but it will be impressed 
across R2 as voltage E2 when rec¬ 
tified. This will make the nega¬ 
tive end of load R2 or point X of 
Fig. 12, 50 volts negative, assum- 
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ing no loss due to rectification with 
respect to ground as the cathode of 
D2 is grounded. Point X in Fig. 12 
is used for AVC and audio voltages 
just as for any detector. Point Y 
is, of course, 50 volts more positive 
than point X. The value 50 volts 
has been used in the foregoing as 
a figurative value to illustrate the 
circuit action. Actually there is, of 
course, a loss in voltage due to rec¬ 
tification. 

Below resonance the relationship 
between the three voltages 
changes as in Fig. 14. Ec comes ^ 
nearer in phase with ELI so that 
the sum of these two (Edl) is 
larger than 50 volts. Ec also goes 
further out of phase with EL2, the 
sum producing somewhat less than 
35 volts as at Ed2. Above reson¬ 
ance the phase shift of Ec as com¬ 
pared to the other two is the oppo¬ 
site and this time (Fig. 15) the 
sum of Ec and ELI is less than 35 
volts and Ec and EL2 is somewhat 
greater than 35 volts. 

This action means that there is 
a voltage at point Y of Fig. 12 
which varies according to Fig. 16. 
Below resonance there is a rising 
positive voltage and above reson¬ 
ance there is an increasing nega¬ 
tive voltage. Notice that both the 
net voltages of Fig. 16 increase as 
tuning progresses away from res¬ 
onance. This brings up the sub- 
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ject of how these voltages may be 
used to increase the oscillator fre¬ 
quency when the IF signal is be¬ 
low resonance of the IF amplifier 
and to decrease it when above res¬ 
onance. This action would result 
in correcting for slight inherent 
' detuning of the oscillator and RF 
circuits. Refer to the circuit of 
Fig. 17 and note the oscillator cir¬ 
cuit at the right. In this case a 
pentode oscillator tube is used al¬ 
though a triode or tetrode would 
also serve the same purpose with 
alterations in the circuit design. 
The complete tuned grid circuit of 
this oscillator consists of the main 
variable tuning condenser Cl, the 
high frequency trimmer C2, the 
low frequency padder C3 and the 
isolating condenser C4 to complete 


the RF circuit through the lower 
section of the grid coil L2. 

Both LI and L2 of Fig. 17 form 
part of the tuned grid circuit and 
L3 is the plate or feed-back coil. In 
some circuits the AFC tube con¬ 
trols the entire oscillator grid coil. 
This is simply a matter for the de¬ 
signer to choose as a less complete 
control of the entire coil is equiv¬ 
alent to the more complete control 
of a smaller section of the coil. In 
this case, the L2 section of the grid 
coil is used for control (that part 
of the circuit to which a control 
voltage is applied to change the 
frequency of the oscillator tube). 

Variations of the inductance of 
L2 by real or artificial means may 
change the oscillator frequency, 
and it is the function of the AFC 
tube to control this—to maintain 
the correct oscillator frequency at 
all times by introducing an artifi¬ 
cial change in the inductance value 
of L2. 

In shunt with inductance L2 of 
Fig. 17 from point X to ground is a 
resistor and the plate circuit of a 
pentode tube—the AFC tube. Ex¬ 
cept for its ordinary plate or out¬ 
put capacity its effect would ordi¬ 
narily be that of a pure resistance 
across the coil L2. Note that the 
AFC plate is supplied with plate 
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voltage from the same source as 
the oscillator and draws a current 
depending on its average grid bias. 

Acting as a pure resistance or, 
in fact, as a constant capacity, the 
AFC tube could not vary the oscil¬ 
lator frequency but the high fre¬ 
quency voltage developed across 
L2 through oscillation is supplied 
to the AFC grid through Rl, R2 
and 05. You know that the plate 
voltage variations in a tube will 
be inverse or opposite to the grid 
voltage variations and hence the 
voltage fed to the grid will not be 
the same as that delivered by the 
plate. By selecting the proper 
values of parts, it is possible to 
shift the phase of the voltage 
across L2 with respect to the cur¬ 
rent through it. This determines 
its reactance and by changing its 
reactance in this way its apparent 
inductance is artificially changed 
—thus changing the freque7icy. A 
greater negative voltage will be 
be formed by the IF being above 
resonance. When below resonance 
the AFC grid will be driven more 
positive, the total oscillator induct¬ 
ance will be reduced and its fre¬ 
quency will be increased. Note that 
the double diode circuit of Fig. 17 
is the same as the one which was 
described in Figs. 11 and 12. Volt¬ 
ages developed by it are, of course, 
fed to the grid of the AFC tube. 

As the oscillator frequency shifts 
one way or the other, it shifts to¬ 


wards resonance, thus lowering its 
own applied AFC voltage so that 
it can never reach exact resonance 
but can always come within a few 
per cent of it. If the detuning is 
large, around 5000 cycles, the os¬ 
cillator may be forced to within 
about 300 or 400 cycles of reson¬ 
ance, but if the detuning is small 
or around 1000 cycles, the oscilla¬ 
tor will shift to within 70 to 80 
cycles of the proper frequency. 

Another similar frequency con¬ 
trol system has been developed and 
used as in Fig. 18. The connection 
of the diode and discriminator cir¬ 
cuits are somewhat the same as 
in Fig. 17 although the AVC and 
audio signals make use of entirely 
separate circuits not shown in Fig. 
18. The discriminator loads of Rl 
and R2 and the two voltages VI 
and V2 created by the discrimina¬ 
tor action are impressed across the 
resistors R3 and R4. At resonance 
the voltages are identical for rea¬ 
sons explained in connection with 
the former circuit. Below reson¬ 
ance one voltage is greater than 
normal and the other less. The cir¬ 
cuits are completed to ground 
through R3 and R4. A filter con¬ 
sisting of C1-C2-R5-R6 serves to 
produce pure DC from the dis¬ 
criminator terminating in C3 and 
C4. The combinations of R7-C5 
and R8-C6 allow a varying voltage 
to be fed to the two grids of the 
AFC tube from the loads Rl and 
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R2. Note that this is equivalent 
to a regular resistance coupled am¬ 
plifier where there is a bias, grid 
resistor and condenser. 

The oscillator plate is connected 
to point X so that some of the os¬ 
cillator voltage is fed to each grid 
of the AFC tube through C5 and 
C6. Point Y at the oscillator grid 
coil is the point of constant poten¬ 
tial and the plates of the AFC tube 
are connected an equal number of 
turns either side of this point. 
Voltages developed at these points 
due to oscillation are equal and op¬ 
posite in phase and remain so 
while both plates of the AFC are 
drawing the same current. Fur¬ 
thermore, when they have the 
same bias and are excited with the 
same grid impulse, the resulting 
plate impulses will exactly cancel 
one another. However, if one grid 
of the AFC tube is more negative 
(due to the action of the double 
diode circuit) than the other, the 
energy from the oscillator plate 
will feed more energy back to one 
point on the coil than the other. 
By the proper adjustment of the 
circuit L-C, a lagging voltage is 
fed to X which will make the os¬ 
cillator increase its frequency when 
the bias of one AFC grid is high 
and decrease it when low. As long 
as the grids are biased equally, no 
matter what the bias is, the oscil¬ 
lator frequency will remain un¬ 
changed. 

NOISE SUPPRESSOR CIRCUIT 

Almost without exception no 
problem in receiver design has 
been as baffling or has been given 
as much attention as that of the 
elimination of static or electrical 
interference accompanying the re¬ 


ceived signals. If such interference 
has an equivalent energy level to 
the signal there seems to be no pos¬ 
sible way to eliminate it from the 
circuit. There is one method, how¬ 
ever, that has been partially suc¬ 
cessful although it has not met 
with wide commercial use. The 
circuit is shown in Fig. 19. It will 
be well to define the nature of cer¬ 
tain types of interference resulting 
in noise so that the operation of 
this circuit may be fully appreciat¬ 
ed. 

To form a sound wave, an RF 
impulse must have a time duration 
or there must be a succession of 
waves rather than one wave. Other¬ 
wise, the impulse can scarcely be 
heard, or, if it is sufficiently rapid, 
it cannot be heard at all. When a 
bell is struck with a hammer, the 
initial stroke sets the bell into vi¬ 
bration, and, if it vibrates at, say, 
1000 cycles, obviously ‘in one min¬ 
ute 60x1000 or 60,000 waves will 
be sent out. Depending on the size 
and quality of the bell, it may ring 
for one minute or more before its 
vibration stops. Even if the initial 
vibration of any substance produc¬ 
ing sound is stopped, in most cases 
the sound will continue due to re¬ 
flection, reverberation or natural 
resonance of other objects. This 
action is just as true with electri- 
trical circuits which are in tune 
with one frequency or another. An 
electrical impulse will excite or 
electrically strike the circuit and 
electrical oscillation will continue 
for a short time afterwards. 

Graphically, an electrical im¬ 
pulse causing static interference 
would look something like curve 
A in Fig. 20. This would set up an 
electrical wave such as curve B 
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and the relatively long time that 
the energy stays in the circuit 
would allow it to be transmitted 
to the second detector where it 
would be rectified, producing the 
sound impulse C. A number of 
such impulses would produce a tone 
such as you have undoubtedly 
heard in a radio speaker due to an 
electric motor or generator run¬ 
ning near it. An auto ignition sys¬ 
tem will induce such a tone in an 
improperly installed receiver, or 
an oil burner or electrical refriger¬ 
ators or a vacuum cleaner will 
cause similar trouble. 

Because of the nature of each in¬ 
terference, it may be eliminated by 
suppressing the original impulse 
before it goes far enough into the 


tuned circuits to produce any su¬ 
stained oscillation. The circuit of 
Fig. 19 is designed to accomplish 
this result. 

A 6L7 tube is used as the last IF 
amplifier—usually the only IF 
amplifier in small receivers. It is 
a double control grid pentode with 
the grids shielded from one an¬ 
other. Each grid may have some¬ 
what the same control action on 
the plate current in the tube. The 
grid nearest the cathode is used 
for amplifying the IF or the signal. 
The input of the 6L7 is divided, 
part being fed to a 6J7 sharp cut¬ 
off pentode similar to the 57, 77 
and 6C7 tubes. This feeds the sig¬ 
nal into a regular diode rectifier 
which may be biased by means of 
15 
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the setting of R1 to start rectifica¬ 
tion at any normal signal level. The 
negative DC voltage produced by 
the action of this circuit at X is 
fed through the radio frequency 
choke RFC to the second control 
grid of the 6L7. Note the simil¬ 
arity of this action to ordinary 
AVC circuits. The main differ¬ 
ence in this circuit is that the con¬ 
denser C is very small and that 
there is no filter in the circuit. It 
is, therefore, a quick acting AVC. 

In one ten-thousandth of a second 
the receiver may be entirely block¬ 
ed due to a high negative charge 
on the second control grid of the 
6L7 tube and then immediately as¬ 
sume normal sensitivity. 

The setting of R1 in Fig. 20 is 
adjusted so that at the normal sig¬ 
nal level it wiW prevent rectifica¬ 
tion in the 6H6 tube. Obviously, 
if it did rectify each signal peak, 
certain parts of the signal 'would 
be cut out because of the blocking 
action. However, when a static or 
interfering impulse is received 
only slightly greater than the sig¬ 
nal, the noise silencing circuit tvill 
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come into action. Now this action 
is so fast that the impulse is cut 
out, the signal momemtarily 
stopped and immediately continues. 
Although cutting into the regular 
signal, the ear cannot detect this 
empty gap in the reproduced sound 
because it has such a short dura¬ 
tion. If you heard a tone at 2000 
cycles and but one cycle was elimi¬ 
nated completely, you would never 
know the difference. Of course, if 
too much of the sound or its electri¬ 
cal equivalent is eliminated, there 
will be a noticeable difference, but 
it is very rarely that this is the 
case. 

This system can do nothing with 
interfering impulses which are 
equal to or below the signal level. 
Only those which rise above it are 
eliminated. While not complete in 
its control of interference, it is a 
means to an end. This circuit has 
had its widest application in ama¬ 
teur radio receivers and for recep¬ 
tion of code signals where high 
quality of reception is not always 
necessary. 

MANUAL VOLUME CONTROL 

There are two essential controls 
for every type of radio. These are 
(1) a control for tuning from one 
frequency to another and (2 a con¬ 
trol for regulating the speaker 
sound level. There are other con¬ 
venient controls which make for 
ease in tuning and for adjusting 
tone quality and for turning the 
radio -on and off. The on-off 
switch may be a part of the volume 
or tone control mechanism. It is a 
unit usually mounted on the back 
side of either the tone or volume 
control. The turning mechanism 
is usually arranged so that the first 



movement of the control knob 
turns on the switch and further 
movement of the control knob va¬ 
ries a resistor element which may 
be arranged to control either vol¬ 
ume or tone. In the reverse opera¬ 
tion, the first movement of the con¬ 
trol knob reduces volume or tone 
control to aero and the last move¬ 
ment of it turns the on-off switch 
to the off position. Tone controls 
will be described in a later lesson, 
and the remainder of this lesson 
will describe volume controls and 
the Decibel—a unit of measure¬ 
ment for sound or gain levels. 

There are other less essential 
controls on many radio receivers, 
but these are mainly the conveni¬ 
ence type of control to aid in tun¬ 
ing, for tone, noise control, etc. In 
other lessons brief mention has 
been made of manual volume con¬ 
trols so you should be familiar with 
them to some extent. 

Manual volume controls are 
needed principally because in a 
given location the signal strength 
of various radio stations varies 
from just a few microvolts on up 
to .5 volt or more, depending on 
receiver location and power rating 
of the station sending out the sig¬ 
nal. If it were not for this effect, 
fixed volume controls could be 
used—in fact, in some installa¬ 
tions where a single frequency is 
to be received at a definite volume 
level, a fixed type of volume con¬ 
trol is commonly used. 

Manual volume controls in near¬ 
ly all cases are of the variable re¬ 
sistance type. There are two 
standard types, (1) having two 
terminals, this type often being 
called a rheostat and (2) a three 
terminal type, often called a voten- 
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tiometer. Eegardless of the num¬ 
ber of terminals on the control, it 
will have one terminal which is va¬ 
riable—that is, the resistance con¬ 
necting to this terminal has a va¬ 
riable value depending on the posi¬ 
tion of the control knob. The sym¬ 
bols for several types of volume 
controls or variable resistances are 
shown in Figs. 21, 22 and 23. In 
Fig. 21, the rheostat, two terminal 
type, is shown. The symbol may 
be drawn in a vertical or horizon¬ 
tal position, and the same is true 
for those symbols shown in Figs. 
22 and 23. Note the use of the let¬ 
ters L and R in the three figures. 
The letter L means that as the con¬ 
trol knob is turned to the left, the 
volume decreases. The letter R 
means that as the control knob is 
turned to the right, the volume in¬ 
creases. The letter C in Figs. 22 
and 23 indicate the center or va¬ 
riable terminal of the potentio¬ 
meter. The symbols of Fig. 23 are 
a variation of the basic potentio¬ 
meter of Fig. 22. Besides the va¬ 
riable terminal C in Fig. 23, the re¬ 
sistor element may have one or two 
fixed terminals such as R1 and R2. 
These points usually connect to 
tone compensation circuits, or they 
may be used for degenerative ef¬ 
fects as will be explained in a later 
lesson. Sometives a potentiometer 
(three terminal control) is used as 
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a rheostat (two terminal control). 
When this is desired, connections 
are made to terminals L and C 
(Fig. 22) with terminal R being 
free or disconnected. This will ef¬ 
fectively form the type of rheostat 
shown in Fig. 21. 

TAPER OF CONTROLS 
The taper of a volume control is 
one of its most important ratings 
if not the most important. A wide 
variation in resistance value is 
often permissible from the rated 
value provided the volume control 
has the proper taper. You may ask 
what is meant by taper. To' appre¬ 
ciate its purpose and definition, it 
is well to consider first how the 
human ear reacts to sound. The 
ear will not recognize sound 
changes (particularly small 
changes) in a linear manner. By 
this is meant, if the sound at a 
given level is doubled, the ear will 
not recognize the increase as twice 
the level of that used as a reference. 
The same is true for a proportion¬ 
ate decrease in sound. The ear, 
therefore, is not a linear mechan¬ 
ism. It will recognize sound level 
changes by a percentage increase 
or decrease or more technically it 
will recognize sound changes on a 
logarithmic scale rather than a lin¬ 
ear scale. There is a certain mini¬ 
mum change in sound level the ear 


will recognize, and any change less 
than this minimum will not be de¬ 
tected. This minimum has been 
found to be 12.2%. All of this sim¬ 
ply means that per degree of rota¬ 
tion for a volume control the rate 
at which the resistance changes 
must be in accord with the charac¬ 
teristics of the ear. Another les¬ 
son in the SAR Service Course 
treats this principle more fully 
with respect to volume control re¬ 
placements. Suffice it to say at this 
time the rate at which the resist¬ 
ance of a volume control increases 
or decreases is called its taper. As 
used here, the word taper is com¬ 
parable to the way a sharpened 
pencil tapers off to a fine point— 
that is, beginnihg from the body 
of a pencil, its size gradually tap¬ 
ers down to a fine writing point. 
Comparably speaking, the resist¬ 
ance of a volume control tapers 
from a high to a progressively 
lower value in accordance with the 
characteristics of the ear. In most 
cases, a potentiometer form of 
control is used similar to Figs. 22 
or 23. If C in these two figures 
is considered to be exactly in the 
center of the resistance element 
and most of the resistance value is 
between terminals R and C, the 
volume control is said to have a 
left hand taper—that is, the resist¬ 
ance between L and C has been tap¬ 
ered more than that between C and 
R. An example of a 500,000 ohm 
control would be one having 50,- 
000 ohms between L and C with 
450,000 ohms between C and R. If 
the conditions were reversed with 
450,000 ohms between L and C and 
50,000 ohms between C and R, the 
control would have a right hand 
taper. 


In modern radio sets, the rheo¬ 
stat or two terminal control is not 
used very much anymore except in 
tone control circuits which are to 
be taken up in a later lesson. It, 
too, may have either a right or left 
hand taper, depending on the pur¬ 
pose of the control. In most of 
your volume control work, you will 
be more concerned with the poten¬ 
tiometer form of control. Since 
this involves the practical angle of 
replacement repair work further 
discussion of volume control re¬ 
placement will be left to a later les¬ 
son where adequate space can be 
devoted to it. 

DECIBELS 

Several of the lessons in the 
SAR Course following this one will 
deal with tone controls, volume 
controls, sound amplification, etc. 
This requires working with sound 
levels and their unit of measure¬ 
ment. If you will refer to your 
SAR Math Book, you will find a 
full mathematical discussion of 
the decibel (db) unit which is used 
as a measure of gain or loss. Be¬ 
cause the action of a volume con¬ 
trol is to increase or decrease the 
strength of a signal, its quivalent 
action is to give a gain or loss. It 
sometimes becomes necessary to 
know the value of this gain or loss 
in some basic unit of measurement, 
and that is where the decibel 
comes into use. Many audio vol¬ 
ume control units in public ad¬ 
dress systems, transmitters, sound 
motion pictures, output meters for 
tuning adjustments, etc., are cali¬ 
brated directly in units of plus or 
minus db, meaning units of gain or 
loss. Different sound levels are 
used as a reference in gain or loss 


measurements. The most common 
reference level in sound work is 6 
milliwatts (.006 watt) which has 
a value equal to zero db. In broad¬ 
cast work, the zero reference level 
is 1 milliwatt (.001) and the unit 
of measurement is VU, meaning 
volume unit. 

Your SAR Math Book shows 
that a voltage or current gain or 
loss in terms of db units is equal to: 

El 

db for voltage=20 

and in terms of current it is equal 
to; 

db for current=20 log 

where El or II is equal to one 
value of voltage or current and E2 
or 12 is equal to another value of 
voltage or current. The arrange- 

ment means that the 

ratio of one value to the other is 
being found. Thus, for example, 
if El or II is equal to 25 and E2 or 
12 is equal to 10, then their ratio- 

is - or 2.5. The log of 2.5 is 

.39794, and the answer in db units 
is 20X.39794 or 7.85. This, of 
course, represents a gain and the 
value 7.85 should be preceded by a 
-1- sign. Should it have been a 
loss, for instance, a reduction in 
voltage from 25 to 10, the db loss 
would be —7.85. 

Where power values alone are 
being dealth with, the formula is 
practically the same with P being 
substituted for E or I and multi¬ 
plication of the logarithm by 10 
instead of 20. It is written as 
follows: 

db=10 log 
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where PI equals one power value 
in watts and P2 the other power 
value in watts. 

Now refer to Fig. 24 to see what 
significance all of this has with 
reference to a standard left hand 
taper volume control of 500,000 
ohms. Note this control has 80,- 
000 ohms tapered between L and C 
with 420,000 ohms tapered be¬ 
tween C and R. Note, also, this 
control has been divided into 32 
divisions reading from right to 
left. These divisions are linear or 
spaced equally apart. The value 
of resistance between divisions is 
not linear but rather varies log¬ 
arithmically. This is done so that 
equal changes of the volume con¬ 
trol knob will ’ produce equal 
changes in the sound volume or 
level. If a sound level is doubled, 
the ear does not accept it as twice 
as loud as before. The human ear 
in its response to power increases 
does not increase as the power it¬ 
self increases, but rather ear re- 
•sponse increases according to the 
logarithm of the power increase. 

It has been determined that the 
smallest change that the ear can 
detect in value of sound level is 
equal to 1 decibel for a constant 
frequency. This refers to units of 
power increase or decrease in val¬ 
ues of the power unit, the watt. 
Thus, if an increase is made in 
power from 1 to 2 decibels, the 
ratio of the increase is equal to 
1.259. If the pressure of a sound 
wave is doubled, the ear accepts it 
as a 6 db increase in sound pres¬ 
sure and not an increase which is 
double that of the original sound 
pressure. Now just what does all 
of this mean in relation to the vol¬ 
ume control of Fig. 24? It means 
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that if it is to feed a signal voltage 
to the grid of the following tube 
in progressive steps so that equal 
changes of the volume control knob 
will produce equal sound level 
changes to the ear that the resist¬ 
ance changes between the 32 di¬ 
visions must change logarithmic¬ 
ally. In other words, the volume 
control knob must change in a lin¬ 
ear manner, and the resistance of 
the volume control must change in 
a logarithmic manner. 

It has been pointed out that deci¬ 
bels with respect to voltages are 
equal to: 


db=20 log 


El 

E2 


In Fig. 24 the voltage at R, is equal 
to 20 volts and corresponds to El. 
At division 1 the voltage is equal 
to E2. In your SAR Math Book it 


was pointed out that or the 

voltage ratio was equal to 1.122 
(to 3 decimal places) or equal to a 
change of 12.2 per cent, if there is 
a voltage gain. If there is a volt¬ 
age loss of 1 db the voltage ratio 
would be equal to .8913 or a loss of 
10.87 per cent. Thus, if R in Fig. 
24 is equal to 20 volts, then the 
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Above is shown a metal encased type of the dry electrolytic condenser. Such units are hermetically 
sealed in metal with an outside insulated covering. They are made in capacity values up to 100 mfd., 
and may include one or more units. The high capacity units are made with low working voltages up 
to 50 volts, and the low capacity values are made with working voltages up to 525 volts. 
Courtesy of Solar. 


voltage at division 1 (a loss from 
20 volts) will be equal to 20 times 
the reciprocal of 1.122, and this, in 

turn, will be equal to - ^ j 22 

.8913. Thus 20X.8913 equals 17.82 
volts. Likewise division 2 will 
equal 17.82X.8913 or 15.88 volts. 
Division 3 will equal 15.88x.8913 
or 15.74 volts. In these multiplica¬ 
tions, the answers have been car¬ 
ried out to two decimal places. 
Slightly more accuracy can be ob¬ 
tained by using more decimal 
places, but this much accuracy is 
not required for practical pur¬ 
poses. In the accompanying table 
all values were obtained from a 
calculating machine to six decimal 
places, but only two decimal places 
are included in the table. In this 
table the first column gives the 
number at each division in Fig. 24. 
The second column gives the volt¬ 
age at that division. The third 
column gives the voltage drop be¬ 
tween divisions and the fourth col¬ 
umn gives the approximate resist¬ 
ance in ohms between divisions. 

Now this table does not mean 


very much as a set of figures. How¬ 
ever, if you study it in careful de¬ 
tail, much may be learned from it 
about volume controls and the use 
of decibels. For example, the volt¬ 
age at 1 in Fig. 24 is 17.28 and at 
2 it is 15.88. The ratio between 
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these two voltages is „ or 1.122. 

15.00 

Following the decibel rule the db 
value is equal to 20 log 1.122. The 
log of 1.122 is .049993 (from any 
log table). Therefore, 20X.049993 
=.99986 db or very nearly 1 db. 
At the other extreme end of the 
table voltages for positions 31 and 
32 are .56 and .5 respectively. 

56 

their ratio is equal to =1.12 

The log of 1.12 is .049218. Thus 
the db rating is 20x.049218 or 
.98436 db or again a figure very 
nearly equal to the whole number 
1. From this explanation you will 
see that each of the divisions on the 
volume control of Fig. 24 gives an 
approximate 1 db decrease in the 
signal strength as the control knob 
is rotated. Now refer to the third 
column of the table (VD). This 



TABLE FOR FIGURE 24 


v^isions El & E2 

VD 

Resistance 

R 

20 

(aprox.) 

(aprox.) 

1 

17.82 

2.17 

54,367.22 

2 

15.88 

1.93 

48,455.62 

3 

14.15 

1.72 

43,186.82 

4 

12.61 

1.53 

38,490.95 

5 

11.24 

1.37 

34,305.65 

6 

10.02 

1.22 

30,575.45 

7 

8.93 

1.09 

27,250.85 

8 

7.96 

.97 

24,288.40 

9 

7.09 

.86 

21,646.93 

10 

6.32 

.77 

19,293.06 

11 

5.63 

.68 

17,195.24 

12 

5.02 

.61 

15,325.52 

13 

4.47 

.54 

13,659.11 

14 

3.99 

.48 

12,173.90 

15 

3.55 

.43 

10,850.17 

16 

3.17 

.38 

9,670.39 

17 

2.82 

.34 

8,618.88 

18 

2.51 

.30 

7,681.71 

19 

2.24 

.27 

6,846.45 

20 

2.00 

.24 

6,102.00 

21 

1.78 

.21 

5,438.50 

22 

1.58 

.19 

4,847.15 

23 

1.41 

.17 

4,320.10 

24 

1.26 

.15 

3,850.36 

25 

1.12 

.13 

3,431.69 

26 

1.00 

.12 

3,058.55 

27 

.89 

.10 

2,725.98 

28 

.79 

.09 

2,429.57 

29 

.70 

.08 

2,165.39 

30 

.63 

.07 

1,929.94 

31 

.56 

.06 

1,720.08 

32orL .50 

.06 

1,533.05 


gives the value of the voltage drops 
between db steps. Between R and 
1 there is a voltage drop (VD) of 
2.17 volts. With 20 volts applied 
to a 500,000 ohm volume control, 
the current through it will be 
20 

equal to or .00004 am¬ 

pere. If 2.17 volts exists between 
R and 1 and the current is .00004 
ampere the resistance between R 
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and 1 is equal to qqqq^ - or 54,367 

ohms. Between 31 and 32 the re¬ 
sistance is equal to 1533 ohms. 
Note the resistance in one case is 
54,367 and the other is 1533 ohms. 
In both cases a change of 1 db is 
obtained yet the resistance values 
are entirely different. This prin¬ 
ciple illustrates exactly just what 
is meant by the taper of a volume 
control. It also shows the value of 
the db unit as a measure of gain, 
voltage, power, etc. Referring to 
the table again, note the voltage 
difference between divisions 3 and 
2 is 1.72 volts, while between divis¬ 
ions 31 and 30 it is .06 volts, yet 
both represent a change in volume 
of 1 db. An increase from .56 to 
.63 volts is the same ratio as an in¬ 
crease of from 15.88 to 17.82 volts. 
The human ear would recognize 
either change as a 1 db change in 
sound intensity. So you should 
ever keep in mind that a certain 
number of db units in gain or loss 
would be meaningless in terms of 
voltage, current, power, etc., un¬ 
less it is in reference to some other 
known value. 

It is a long process to find the 
ratio of two powers, voltages or 
currents, look up the log of the 
ratio and then multiply the log by 
10 or 20 in order to arrive at the 
db value. This process can be 
shortened considerably by refer¬ 
ring to a decibel table of ratios and 
reading the db value directly. See 
the accompanying ratio tables. To 
find a db value, all you have to do 
is to get the ratio (done by divid¬ 
ing one unit by the other) of the 
two powers, voltages or currents 
and read the db value from the 
table. 
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Decibels Versus Power, Voltage, and Current Ratios 


db 

Current and 
Voltage Ratio 

Power Ratio 

db 

Current and 
Voltage Ratio 

Power Ratio 

Gain 

Loss 

Gain 

Loss 

Gain 

Loss 

Gain 

Loss 

0.1 

1.012 

0.9886 

1.023 

0.9772 

5.6 

1.905 

0.5248 

3.631 

0.2754 

0.2 

1.023 

.9772 

1.047 

.9550 

5.7 

1.928 

.5188 

3.715 

.2692 

0.3 

1.035 

.9661 

1.072 

.9333 

5.8 

1.950 

.5129 

3.802 

.2630 

0.4 

1.047 

.9550 

1.097 

.9120 

5.9 

1.973 

.5070 

3.891 

.2570 

0.5 

1.059 

.9441 

1.122 

.8913 

6.0 

1.995 

5012 

3 981 

.2512 

0.6 

1.072 

.9333 

1 .148 

.8710 

6. 1 

2.018 

.4958 

4.074 

.2455 

0.7 

1.084 

.9226 

1.175 

.8511 

6.2 

2.042 

.4898 

4.169 

.2399 

0.8 

1.097 

.9120 

1.202 

.8318 

6.3 

2.065 

.4842 

4.266 

.2344 

0.9 

1.109 

.9016 

1.230 

.8128 

6.4 

2.089 

.4786 

4.365 

.2291 

1.0 

1.122 

.8913 

1.259 

.7943 

6.5 

2.1i4 

.4732 

4.467 

.2239 

1. 1 

1.135 

.8811 

1 288 

.7763 

6.6 

2.138 

.4677 

4.571 

.2188 

1.2 

1.148 

.8710 

1.318 

.7586 

6.7 

2. 163 

.4624 

4.677 

.2138 

1.3 

1.162 

.8610 

1.349 

.7413 

6.8 

2.188 

.4571 

4.786 

.2089 

1.4 

I.175 

.8511 

1.380 

.7244 

6.9 

2.213 

.4519 

4.898 

.2042 

1.5 

1.189 

.8414 

1.413 

.7080 

7.0 

2.239 

.4467 

5.012 

. 1995 

1.6 

1.202 

.8318 

1.445 

.6918 

7. 1 

2.265 

.4416 

5.129 

. 1950 

1.7 

1.216 

.8222 

1.479 

.6761 

7.2 

2.291 

.4365 

5.248 

. 1906 

1.8 

1.230 

.8128 

1.514 

.6607 

7.3 

2.317 

.4315 

5.370 

. 1862 

1.9 

1.245 

.8035 

1.549 

.6457 

7.4 

2.344 

.4266 

5.495 

.1820 

2.0 

1.259 

.7943 

1.585 

.6310 

7.5 

2.371 

.4217 

5.623 

.1778 

2. 1 

1.274 

.7852 

1.622 

.6166 

7.6 

2.399 

.4169 

5.754 

.1738 

2.2 

1.288 

.7763 

1.660 

.6026 

7.7 

2.427 

.4121 

5.888 

. 1698 

2.3 

1.303 

.7674 

1.698 

.5888 

7.8 

2.455 

.4074 

6.026 

.1660 

2.4 

1.318 

.7586 

1.738 

.5754 

7.9 

2.483 

.4027 

6. 166 

.1622 

2.5 

1.334 

.7499 

1.778 

.5623 

8.0 

2.512 

.3981 

6.310 

.1585 

2.6 

1.349 

.7413 

1.820 

.5495 

8. 1 

2.541 

.3936 

6.457 

.1549 

2.7 

1.365 

.7328 

1.862 

. 5370 

8.2 

2.570 

.3891 

6.607 

.1514 

2.8 

1.380 

.7244 

1.905 

.5248 

8.3 

2.600 

.3846 

6.761 

. 1479 

2.9 

1.396 

.7161 

1.950 

. 5129 

8.4 

2.630 

.3802 

6.918 

.1445 

3.0 

1.413 

.7080 

1.995 

.5012 

8.5 

2.661 

.3758 

7.079 

. 1413 

3. 1 

1.429 

.6998 

2.042 

.4898 

8.6 

2.692 

.3715 

7.244 

.1380 

3.2 

1.445 

.6918 

2.089 

.4786 

8.7 

2.723 

.3673 

7.413 

. 1349 

3.3 

1.462 

.6839 

2. 138 

.4677 

8.8 

2.754 

.3631 

7.586 

. 1318 

3.4 

1.479 

.6761 

2. 188 

.4571 

8.9 

2.786 

.3589 

7.762 

.1288 

3.5 

1.496 

.6683 

2.239 

.4467 

9.0 

2.818 

.3548 

7,943 

. 1259 

3.6 

1.514 

.6607 

2.291 

.4365 

9. 1 

2.851 

.3508 

8.128 

.1230 

3.7 

1.531 

.6531 

2.344 

.4266 

9.2 

2.884 

.3467 

8.318 

.1202 

3.8 

1.549 

.6457 

2.399 

.4169 

9.3 

2.917 

.3428 

8.511 

. 1175 

3.9 

1.567 

.6383 

2.455 

.4074 

9.4 

2.951 

.3389 

8.710 

. 1148 

4.0 

1.585 

.6310 

2.512 

.3981 

9.5 

2.985 

.3350 

8.913 

.1122 

4.1 

1.603 

.6237 

2.570 

.3891 

9.6 

3.020 

.3311 

9.120 

.1097 

4.2 

1.622 

.6166 

2.630 

.3802 

9.7 

3.055 

.3273 

9.333 

wl072 

4.3 

1.641 

.6095 

2.692 

.3715 

9.8 

3.090 

: .3236 

9. 550 

. 1047 

4.4 

1.660 

.6026 

2.754 

.3631 

9.9 

3.126 

.3199 

9.772 

. 1023 

4.5 

1.679 

.5957 

2.818 

.3548 

10.0 

3.162 

.3162 

10.000 

.1000 

4.6 

1.698 

.5888 

2.884 

.3467 

10.1 

3.199 

.3126 

10.23 

.0977 

4.7 

1.718 

.5821 

2.951 

.3389 

10.2 

3.236 

.3090 

10.47 

.0955 

4.8 

1.738 

.5754 

3.020 

.3311 

10.3 

3.273 

.3055 

10.72 

.0933 

4.9 

1.758 

.5689 

3.090 

.3236 

10.4 

3.311 

.3020 

10.97 

.0912 

5.0 

1.778 

.5623 

3.162 

.3162 

10.5 

3.350 

.2985 

11.22 

.0891 

5.1 

1.799 

.5559 

3.236 

.3090 

10.6 

3.388 

.2951 

11.48 

.0871 

5.2 

1.820 

.5495 

3.311 

.3020 

10.7 

3.428 

.2917 

11.75 

.0851 

5.3 

1.841 

.5433 

3.388 

.2951 

10.8 

3.467 

.2884 

12.02 

.0832 

5.4 

1.862 

.5370 

3.467 

.2884 

10.9 

3.508 

.2851 

12.30 

.0813 

5.5 

1.884 

.5309 

3.548 

.2818 

11.0 

3.548 

.2818 

12.59 

.0794 
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Decibels Versus Power, Voltage, and Current Ratios —Continued 



Suppose you have a db power for the db rating and multiplying 
rating and want to know its equiv- it by .006 (reference level). Thus 
alent rating in watts. This is the power ratio for 1 db is 1.259 
easily done by referring to the and this multiplied by .006 gives 
table, obtaining the power ratio .007554 or .0076 watts. 2 db would 
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equal 1.585 (power ratio for 2 db) 
times .006 or .0095 watts. 

If it were a voltage or current 
db value involved you might want 
to know the exact value of the volt¬ 
age or current. The only way to 
find this value is to know in ad¬ 
vance the value of the voltage or 
current used as a reference. For 
instance, an amplifier is rated at 
20 db with an input voltage of .25 
volt. What is the value of the out¬ 
put voltage ? The voltage ratio for 
20 db is 10. Therefore, the out¬ 
put voltage is equal to lOx.25 or 
2.5 volts. If there is an 80 db in¬ 
crease, the voltage ratio is 10,000, 
and if the input is .05 volt the out¬ 
put is 10,000X.05 or 500 volts. 
Here is another example. A vol¬ 
ume control reduces the signal 
voltage — 8 db from a level of 42 
volts. To what value is the volt¬ 
age reduced. The voltage ratio 
for —8 db is .3981. Thus .3981 
X42 equals 16.72 volts. 

Much radio equipment such as 
microphones, pick-up units, ampli¬ 
fiers, voltage controls, etc., are rat¬ 
ed or referred to in db units. If 
you want to be able to appreciate 
all that this implies you should be¬ 
come thoroughly familiar with the 
decibel system. 

MECHANICAL 
IMPROVEMENTS OF 
RECEIVERS 

There are many things about a 
radio which are not a part of its 
electrical function, yet these same 
things can vitally affect the op¬ 
eration of the receiver. Such 
items have been steadily improved 
over the years, and while they are 
not of a technical nature, yet they 
are a part of every receiver, and 
must be taken into account if good 


operation is obtained. These in¬ 
clude such things as rubber damp¬ 
ing blocks, felt washers, antenna 
and ground wires, power line con¬ 
nections speaker plug connections, 
variable condenser damping blocks, 
control knobs, etc. 

In many small radio sets where 
the speaker is a part of the receiv¬ 
er chassis its vibration will be 
transferred directly to the entire 
chassis. These vibrations in turn, 
will affect every other part in the 
receiver. Each receiver part will 
vibrate best at some particular fre¬ 
quency—the exact best vibrating 
frequency being determined by the 
mass of the part and the way it is 
mounted. In the larger radio set, 
the speaker is often mounted as a 
separate unit. In this type of in¬ 
stallation, the speaker can affect 
the other parts of the receiver in 
two ways. First, vibrations can 
be set up through the cabinet wall, 
and second, vibration can be 
brought about through air waves 
which the speaker sets in motion. 

Regardless of the way the vibra¬ 
tion is set up, it will often have a 
peculiar effect on the operation of 
the receiver. The vibration may 
become so intense that it will vary 
the spacing of elements within a 
tube envelope. This causes them 
to vary at an audio rate by virtue 
of the fact that the original dis¬ 
turbance varys at an audio rate. 
Once the tube elements start vi¬ 
brating, the capacity between the 
elements start changing value. This 
in turn modulates the plate cur¬ 
rent of the vibrating tube at a rate 
corresponding to the original vibra¬ 
tion. As a result of this audio var¬ 
iation, a loud howl is reproduced 
from the speaker. This is popular- 


ly known as motorboating because 
the sound it creates resembles the 
sound of a motorboat on the water. 
It is also often called microphonic 
trouble. The same action can be 
brought about by the variable con¬ 
denser plates vibrating, or by 
other small vibrating parts. 

The remedy for this trouble is 
to mount the receiver chassis on 
live rubber blocks, called damping 
blocks. The gang tuning condens¬ 
er is often mounted on live rubber 
washers or grommets. In shipping 
the receiver from the factory to the 
jobber or dealer, heavy mounting 
screws are usually turned down 
tight (holding the damping blocks 
tight) to prevent damage during 
transit. Sometimes these mount¬ 
ing screws are not removed or 
loosened, and microphonic trouble 
is almost sure to occur. In other 
cases, a repair man or the owner 
of the receiver will remove the 
chassis from the cabinet and lose 
or otherwise destroy the rubber 
damping blocks. When this hap¬ 
pens, the damping blocks will have 
to be replaced before satisfactory 
operation may be obtained. In re¬ 
gard to variable condensers mount¬ 
ed on live rubber washers, it some¬ 
times happens that someone 
through ignorance will tighten the 
mounting screws as a condenser 
so mounted is supposed to be 
mounted loose. In other words, the 
condenser gang is supposed to 
float on live rubber. When the 
mounting screws are tightened, 
the rubber is compressed and the 
floating action is very much re¬ 
duced. To remedy this trouble, it 
is only necessary to loosen the 
mounting screws. 

Most good receivers come from 


the factory with felt washers be¬ 
tween the control knobs and the 
cabinet. These washers slip over 
the control shafts and prevent the 
control knobs from scratching the 
cabinet finish. Often times some¬ 
one in the owner's household or a 
repairman will remove control 
knobs and felt washers. In re¬ 
placing the control knobs, the felt 
washers are sometimes left off the 
shafts. In mounting the knobs, 
many people will push them on the 
shafts as far as they will go. Not 
only will they fit tight in this po¬ 
sition, making control difficult, but 
will also scratch the cabinet sur¬ 
face making a round ring on the 
cabinet the same size as the control 
knob. This may appear to be a 
small item, but your customers will 
long remember your thoughtful¬ 
ness in replacing felt washers. It 
is often little things like this that 
will enable a serviceman to build 
a large and satisfied list of cus¬ 
tomers. You can get an assort¬ 
ment of felt washers from most ra¬ 
dio part jobbers, and it is recom¬ 
mended that you carry them along 
with you in your tool kit if you in¬ 
tend to follow service and repair 
work. 

There was a time when radio 
control knobs were simply held in 
place on a shaft by means of a set 
screw. The shaft was usually en¬ 
tirely round. As a consequence, 
often there was no reference point, 
indicating just where the control 
knob was to be fastened in place 
with reference to its starting and 
stopping positions. Then, too, on 
these old dials and control knobs, 
set screws were constantly being 
lost or becoming loose. Like many 
other parts for radio, control knobs 


have also undergone improvement. 
Some of them are quite complicat¬ 
ed especially where several rotat¬ 
ing knobs or dials are fitted to¬ 
gether and turn one within the 
other. This requires close machin¬ 
ing of the rotating parts. Being 
made out of plastic, these parts 
sometimes warp or otherwise get 
out of shape. Sometimes sand¬ 
papering the spots where the rotat¬ 
ing parts bind will clear up the 
tightness of the rotating parts, but 
more often the out-of-shape con¬ 
trol knobs have to be replaced be¬ 
fore smooth rotating action is ob¬ 
tained. 

The principle improvement in 
control knobs has been in the form 
of a more positive means of fasten¬ 
ing them to the shaft. Instead of 
using an entirely round shaft, one 
part of it is made flat—thus the 
knob can only go on the shaft in 
the one position, thereby establish¬ 
ing the correct position for the 
pointer. The knob itself has a 
half round hole in its center. This 
hole also has a flat side into which 
fits a piece of square spring steel. 
When the knob is pushed onto its 
shaft, the flat side of the shaft and 
the square piece of spring steel 
come together with considerable 
pressure. The spring steel pushing 
against the shaft and the hole wall 
in the center of the control knob 
effectively binds them together. In 
this way, no slipping can occur nor 
is a set screw required. The prin¬ 
ciple trouble with this arrange¬ 
ment is that someone will remove 
the knob form its shaft and will 
lose the small square of spring 
steel. This spring is usually loose¬ 
ly fitted in slots within the center 
hole of the knob. Thus the spring 


will often drop out of the knob un¬ 
noticed. For this reason you 
should carry a small selection of 
these springs along in your tool 
kit. They are inexpensive and 
easy to replace. You can no doubt 
get a dozen or more of these spring 
units from your local or nearby 
radio parts jobber. 

One improvement made in re¬ 
cent years is the perfection of a 
built-in loop antenna for the av¬ 
erage receiver. This does away 
with antenna and ground leads. 
The practical radio man really ap¬ 
preciates this improvement, be¬ 
cause it does away with many other 
annoying problems. No matter 
how good an outside antenna and 
ground installation is to begin 
with, their owners will let them de¬ 
teriorate. Thus, they develop cor¬ 
rosion and often become grounded. 
In time, therefore, many outside ^ 
antenna and ground systems devel¬ 
op noise. Many radio owners will 
want to blame the radio set or the 
man who repairs it for the noise 
developed by the antenna system. 
That is the reason the practical 
radio man welcomes the loop an¬ 
tenna. Despite this, there are 
some localities and some installa¬ 
tions where the use of an outside 
antenna is absolutely essential. 
This may be necessary because of 
strong interference. The proced¬ 
ure for taking care of this is giv¬ 
en in other parts of your SAR 
Course. In connection with the 
loop operated receiver, it will have 
directional effects. If one position 
of the receiver does not give sat¬ 
isfactory operation for a given sig¬ 
nal, rotate the position of the re¬ 
ceiver through 360 degrees. In so 
doing you will find there is one 
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best position for a receiver where 
maximum signal voltage will be in¬ 
duced into the loop, and this, of 
course, will result in increased vol¬ 
ume. For another signal from a 
different direction, a different po¬ 
sition for the receiver will be re¬ 
quired for maximum volume. It 
will only be necessary to move a 
loop operated receiver4n this way 
when the signals are very weak or 
of a fading nature. This direction¬ 
al effect is the principle brawback 
to the use of the improved type 
loop antenna. 

It is a long step in the progress 
of radio from early practice of bat¬ 
tery operation to modern power 
line operation. Once it was neces¬ 
sary to have as many as eight or 
ten connecting wires from the bat¬ 
teries to the receiver. Over the 
years through the development of 
the A and B eliminators down to 
the present day modern AC oper¬ 
ated radio, the number of connect¬ 
ing wires external to the radio set 
has been reduced to just two wires 
—those which connect to the pow¬ 
er line. Even these two wires are 
encased in fabric or rubber to form 
just one line or cord. In some of 
the AC-DC radio sets, the line cord 
includes a third wire in the form 
of a resistor element to reduce the 
line voltage to a proper value to 
operate the filaments. In the case 
of a three wire cord, it is usually 
no larger than the two wire type. 
So, as you can see, the radio men 
of today have many improvements 
at their disposal which are taken 
as a matter of course, yet it has not 
been so long ago since these things 
were the plague of every radio 
man. 

It is the same old story with re¬ 


gard to speakers. There have been 
many improvements in the mechan¬ 
ical arrangement and connection 
of these over the years. The early 
speakers used extremely long leads 
to get away from acoustical feed 
back and for other reasons. Grad¬ 
ually these were shortened until 
today it is the common practice in 
small receivers to mount the speak¬ 
er right on the receiver chassis. 
This is no particular problem in 
servicing but in larger and more 
expensive receivers the way the 
speaker or speakers are wired and 
mounted does assume importance. 
This is particularly true in service 
and repair work. The speaker is 
usually mounted below the receiv¬ 
er chassis—often fastened over an 
opening in the cabinet wall. This 
necessitates a group of connect¬ 
ing wires between speaker and 
chassis. Sometimes these wires go 
through a hole in the wood shelf 
on which the chassis is mounted. 
The connecting wires will be sold¬ 
ered at both ends—that is, to the 
chassis parts and to the speaker. 
In order to remove both units from 
the cabinet for repair purposes, at 
least one end of these connecting 
wires must be unsoldered. This 
wastes a lot of time and makes it 
very unhandy for the repair man. 
To avoid all of this trouble an im¬ 
provement was made in the form of 
a plug and socket. This permits 
the speaker to be disconnected 
from the chassis in a most conven¬ 
ient manner. The wires from the 
speaker terminate in the plug 
while those from the output tube 
or tubes terminate at socket ter¬ 
minals. If the speaker is of the 
electrodynamic type, the field coil 
leads will also be included in the 


plug-socket arrangement. Thus, 
to remove or disconnect the speak¬ 
er, all that is necessary is to simply 
pull on the speaker plug in much 
the same way that a vacuum tube 
is removed from its socket. 

Another improvement in the ease 
by which a part can be removed 
from the chassis is the plug-in type 
electrolytic condenser. The con¬ 
denser is mounted on a base simi¬ 
lar to that employed for vacuum 
tubes. It fits into a socket and is 


just as easy to replace as a tube. 

Various other plug-in type con¬ 
nections are now employed in ra¬ 
dio sets. This is particularly true 
in large sets such as those which 
employ multiple speakers, phono¬ 
graph pick-up units, recorders, etc. 
Sometimes the connecting leads fit 
into small jacks and a pull on the 
wires involved will quickly discon¬ 
nect them. A close visual examin¬ 
ation will enable you to tell what 
type of connection is employed. 


These questions are designed to test your knowledge of this lesson. Read them 
over first to see if you can answer them. If you feel confident that you can, then 
write out your answers, numbering them to correspond to the questions. If you 
are not confident that you can answer the questions, re-study the lesson one or 
more times before writing out your answers. Be sure to answer every question, 
for if you fail to answer a question, it will reduce your grade on this lesson. 
When all questions have been answered, mail them to us for grading. 


QUESTIONS 

No. 1. What does minimum current in a tuning meter indicate about the tuning 
of a receiver? 

No. 2. Does the operation of a neon tuning indicator depend on current or volt¬ 
age changes? 

No. 3. When the plate current of one or more A VC controlled tubes is maximum 
and flowing through the reactance of a BLINKER tuning reactance, is 
the pilot light bright or dim? 

No. 4. From where is the voltage obtained to operate the control grid of an 
electric eye tube? 

No. 5. Describe the following conditions for the electric eye: 

Shadow angle.-.maximum or minimum 

Plate voltage. maximum or minimum 

Negative grid voltage.maximum or minimum 

Plate current.maximum or minimum 

No. 6. Why is the beacon oscillator disconnected when a station is tuned to 
resonance? 

No. 7. What is the difference between a volume control with a right hand 
taper and one with a left hand taper? 

No. 8. In shifting the oscillator to a higher frequency, does the AFC tube re¬ 
quire a more negative or a more positive control grid voltage? 

No. 9. The ratio between two power levels shows a loss of .^311. What db 
rating does this represent? 

No. 10. What is the basic difference between a noise suppressor circuit as in 
Fig. 19 and an ordinary AVC circuit? 







